T he search for correlations between radiographic measures and clinical tests is a constant concern in clinical practice nowadays. 1 -5 The aim of this search is to associate objective measures (radiographic parameters) with subjective outcomes (clinical results).
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Schwab et al 6 published fi ndings that L3 and L4 frontal vertebral obliquity, thoracolumbar kyphosis, intervertebral subluxation, and loss of lumbar lordosis were correlated with pain in nonoperated adult scoliosis. Positive sagittal balance 1 has been considered the most reliable predictor of clinical symptoms in operated, as well as nonoperated, patients with scoliosis bigger than 30 ° . Sagittal spinal (C7 plumbline) and global balance (gravity line) 3 were strongly related to Oswestry Disability Index (ODI) in adults with unoperated scoliosis. A reduced lumbar lordosis and an increased lumbosacral scoliosis can affect the general health status of older patients with degenerative scoliosis. 4 Pelvic position measured via PT as well as global sagittal alignment measured via T1 spinopelvic inclination have shown high correlations with health-related quality of life (HRQOL) measures. 5 However, multivariate analysis is lacking in most of those studies. Also, most of them were carried out in a mixed series of operated and unoperated patients or with a mixture of different etiologies. We are not aware of any other study regarding the relationships between pelvic parameters, spinopelvic alignment, and age with HRQOL measurements in an adult population operated on for scoliosis.
The aim of this work was to evaluate if radiographic spinopelvic parameters correlate with HRQOL measures, in the long run, in adult patients operated on for scoliosis.
Study Design. Prospective radiographic and clinical analysis. Objective. To evaluate whether radiographic spinopelvic parameters correlate with health-related quality of life (HRQOL) measures, in the long run, in patients operated on scoliosis in adult age. Summary of Background Data. There are papers that correlate sagittal radiographic parameters with HRQOL scores for healthy spine as well as for some spinal disorders. However, there are limited studies evaluating correlations between HRQOL measures, radiographic spinopelvic parameters, and age in patients operated on scoliosis in adult age. Methods. Fifty-nine patients, older than 21 years at surgery time (median: 50.2 years), were operated upon at a single center. All of them suffered mainly frontal deformity, idiopathic or degenerative curves, and long fusions, with more than a 2-year follow-up (median: 8.5 years). Full-length freestanding radiographs, including the spine and pelvis, and SRS22 and SF36 instruments, were available for every patient at fi nal follow-up. Sagittal and frontal radiographic parameters and age were analyzed for correlation with HRQOL. A multivariate analysis was performed. Results. No signifi cant correlation was found between frontal parameters and HRQOL measures. Spearman rank order test showed correlation ( P < 0.001) between Scoliosis Research Society (SRS) activity and sagittal vertical axis (SVA) ( r = − 0.44), pelvic tilt (PT) ( r = − 0.49), and age ( r = − 0.5). SRS total was correlated ( P < 0.004) with PT ( r = − 0.32) and age ( r = − 0.41). SF36 physical function correlated ( P < 0.001) with SVA ( r = − 0.44), PT ( r = − 0.45), and age ( r = − 0.56). After multivariate analysis, only age and PT persisted as possible predictors of worse SRS activity scores.
MATERIALS AND METHODS
The study included a consecutive series of 59 patients operated on for adult scoliosis at a single center by the senior author (Izquierdo E). The inclusion criteria for this study were as follows: patients older than 21 years at fi rst surgery time, frontal Cobb greater than 40 ° , idiopathic or degenerative curves, more than 4 motion levels of fusion, and a minimum 2-year postoperative follow-up.
At fi nal follow-up, every patient completed a clinical questionnaire and SRS22 7 and SF36 8 instruments. New radiographs were undertaken in every patient except in patients with more than 5-year postoperative follow-up, with a radiographic study of less than 24 months and without clinically significant changes. Our standard postoperative follow-up included office visits and radiographs at 2, 6, and 12 months postoperative, yearly until the fifth year, and every 2 years thereafter. Radiographic data collected consisted of full-length standing coronal and sagittal radiographs including the spine and pelvis obtained in freestanding posture with fingers on the clavicles and shoulders in 40 ° of forward elevation. 9 Radiographic data collected included percentage of frontal correction achieved and fi nal follow-up standardized parameters. 10 , 11 The Spearman correlation coeffi cient was used to evaluate the linear relationship between continuous variables. A multiple linear regression analysis was performed as multivariate analysis. The collinearity of the maximal model was evaluated.
RESULTS

Group Description
The study group consisted of 8 men and 51 women; the median age of the study population, at questionnaire fi lling, was 50.2 years (39-63.5 years). The breakdown of patients by primary diagnosis was 48 idiopathic curves and 11 degenerative curves. The median postoperative follow-up was 8.5 years (4.0; 13.0) Thus, 42 patients (71.2%) had a follow-up longer than 5 years, 24 patients (40.7%) had a follow-up longer than 10 years, and 11 patients (18.6%) had a follow-up longer than 15 years. HRQOL scores obtained are recorded in Table 1 . Radiographic results are recorded in Table 2 . The median preoperative major curve Cobb angle was 59 ° (44 ° ; 74 ° ). Lateral bending radiograph showed a correction to 42.5 ° (21.2 ° ; 64 ° ) in the major curve Cobb angle. After surgery, the major curve median Cobb angle was 27 ° (16 ° ; 38 ° ) with a median correction of 54.7%. The fi nal median main curve Cobb after follow-up was 30 ° (18 ° ; 37 ° ). A double approach was performed in 45.8% of the patients, fusion to the sacrum in 22.1%, and fusion proximal to T9 vertebra in 64.4% of the patients. 
SRS22 and SF36-Age Correlations
Older patients had worse results in every Scoliosis Research Society (SRS) domain: function ( r = − 0.50; P ≤ 0.000), pain ( r = − 0.31; P = 0.01), self-image ( r = − 0.28; P ≤ 0.02), mental health ( r = − 0. 45; P ≤ 0.000), satisfaction ( r = − 0.15; P = 0.25), and global score ( r = − 0.41; P = 0.001). The most signifi cant correlations were found with function, mental health, and total scores, without particularly high values of correlation coeffi cients, but still highly signifi cant. Also, older patients had worse results in every SF36 domain, especially bodily pain ( r = − 0.32; P = 0.01), mental health ( r = − 0.43; P = 0.001), and physical functioning ( r = − 0.56; P ≤ 0.000). In the latter 2, we found a medium correlation coeffi cient with high signifi cance, as happened with SRS domains.
SRS22 and SF36-Coronal Plane Correlations
Neither the coronal plane radiographic parameters evaluated nor the percentage of frontal Cobb correction showed any correlation with any of the SF36 domains or SRS22 subscales ( Table 3 ).
SRS22 and SF36-Sagittal Plane Correlations
SRS22 : A greater lumbar lordosis had a correlation with increased function. Positive sagittal balance correlated with greater than 40 ° . More recently, in more than 146 adult scoliosis patients 13 (treated operatively or conservatively) with an average age of 47 years, no correlations were found between SF36/SRS22 instruments and sagittal balance, coronal balance, main Cobb angle, or number of fused levels.
In adult scoliosis 14 for patients younger than 50 years, the decision for surgical management depends on the magnitude of the curve in the frontal plane. On the other hand, in patients older than 50 years, this decision depends on preoperative HRQOL measures despite frontal or sagittal radiographic measures.
The clinical results obtained in our patients, after evaluating SRS22 as well as SF36 results, are similar to those found in other series of patients operated on for adult deformity. 8 , 15 , 16 In our study, no correlations were found between the qualityof-life test results and any of the frontal parameters evaluated, as in other series. 1 , 3 -5 We noticed that clinical results were worse in older 15 , 16 patients, especially regarding physical activity, and that a higher lumbar lordosis, a lower anterior disbalance, and a lower PT correlated with better scores for the different subscales 2 -4 , 6 , 17 , 18 of the quality-of-life tests, especially the function domain. A lower pelvic incidence correlated with better activity. It has been published 17 that a postoperative optimum sagittal balance is associated with better quality-of-life test results as well as lower pelvic incidences. Up to 30% of the variability of PT could be determined by age. It is known that there is an increase of PT with age. 19 However, because no interactions were found, age and PT act as independent factors to determine SRS22 function scores.
Thus, for the analyzed population, there exists an association between sagittal profi le and quality-of-life test results. If a gross interpretation of the mathematical results is done, we could acknowledge that a decrease of lumbar lordosis, a positive sagittal balance, and a higher PT, as well as patient age, are the key parameters to determine surgical results (health survey results) in the long term. However, a more insightful analysis shows us the following:
(1) Even when a highly signifi cant correlation was found (between sagittal balance or PT and activity subscale), the correlation coeffi cient did not reach high values 1 -3 with the clinical limitations that this fact carries. We should not forget that correlation analysis measures linear association between 2 variables but cannot be interpreted as establishing causeand-effect relationships.
(2) After performing a multivariate analysis, only age and PT were identifi ed as predictors of results, with the sagittal balance 4 losing its role as a potential predictor. Another fact that may limit the role of the sagittal plane as a clinical outcome predictor is that, nowadays, an "adequate sagittal balance" is not easy to defi ne. There is a wide range of values accepted as normal for some radiographic measurements, and there is no agreement regarding to the reference points that should be used for these measurements. The SVA, which is one of the most commonly used radiographic parameters, seems to have a more than questionable role to determine the spinal sagittal alignment. We also should not ignore the limited value of static measurements used in the worse scores for SRS22 function domain, pain domain, and total score. Patients with lower pelvic incidence had significantly higher function scores. An increased PT was associated with worse results in all SRS22 domains; the strongest correlations were noted in function domain and total score ( Table 4 ) .
SF36 : Signifi cant correlations between sagittal plane parameters and SF36 scores were identifi ed. A high degree of correlation was found between positive sagittal balance and a decrease in physical functioning domain and social functioning domain. In other words, there was evidence of decreasing physical activity and social functioning as the magnitude of positive sagittal balance increased. Patients with lower pelvic incidences were shown to have higher physical functioning scores. Having a greater PT was associated with a decrease in mental health domain, social functioning domain, and bodily pain domain and a highly signifi cant decrease in physical functioning domain ( Table 5 ).
In summary, Spearman rank-order test showed highly signifi cant ( P < 0.001) correlations between SRS function and sagittal vertical axis (SVA, r = − 0.44), PT ( r = − 0.49), and age ( r = − 0.5). SRS total was also signifi cantly ( P < 0.004) correlated with PT ( r = − 0.32) and age ( r = − 0.41). There was also a signifi cant relationship ( P < 0.001) between SF36 physical function and SVA ( r = − 0.44), PT ( r = − 0.45), and age ( r = − 0.56).
Multivariate Analysis for SRS22 Function Domain
Because a highly signifi cant inverse correlation existed between the SRS22 function domain and age, SVA, and PT, a multivariate analysis was performed to evaluate the combined effect of these 3 parameters. A multiple linear regression was performed in which SRS22 function domain was the dependent variable and sagittal vertical axis (SVA), PT, and age were independent variables. The presence of collinearity between the independent variables was assessed and was not found. In the fi nal model, only age and PT persisted as signifi cant variables. Thus, for each year older the patient was, SRS22 function decreased by 0.022 points (confi dence interval [CI]: 95% 0.005; 0.038; P = 0.014), and for each degree of fi nal PT, SRS22 function decreased 0.0021 points (CI: 95%, 0.003; 0.039; P = 0.026). The corrected determination coeffi cient ( R 2 ) was 0.294, thus, 29.4% of the variability of the SRS22 function scale could be explained by age and PT.
We also noticed that, patient age correlated with PT ( r = 0.57; P < 0.000) and that, through simple linear regression, patient age explained 30% of the variability of PT.
The presence of interactions between age, PT, and SVA was also evaluated. No interactions were found between these variables, despite the correlation found between age and PT.
DISCUSSION
Recent publications on adult scoliosis have highlighted the correlation between sagittal parameters and HRQOL tests, 2 -5 but no correlations have been found between QOL measures and frontal parameters. correlate with SRS22 and SF36 physical activity, but with low correlation coeffi cients. After multivariate analysis, SVA was no longer a predictor of activity. PT and age resulted as predictors of activity. A deeper knowledge of patients' motives for seeking surgery is needed. Probably, some clinical aspects may have as much importance as the sagittal profi le in this group of patients.
context of a disbalance that may have a dynamic component. All these factors 20 -22 limit the accurate and full understanding of the sagittal profi le.
We think that when deformity mainly affects the sagittal plane, the purpose of surgery should be the correction of that plane. In adult deformity, preventing fl at-back syndrome and correcting and maintaining sagittal alignment are far more important than coronal correction. 23 Sagittal disbalance is very badly 24 tolerated in adult scoliosis patients. We are under the impression that PT correlates better with patients' activity than the SVA.
However, we believe that when we face a mainly frontal deformity in a middle-aged population, even knowing the importance of achieving balance in both sagittal and coronal planes, there are other factors, yet to be determined and nonrelated to the sagittal plane, that determine surgical results.
There are several limitations to this study. It would have been desirable to have a bigger sample size to stratify results by age groups. A very common limitation in clinical studies is the use of the freestanding position to assess sagittal profi le because knees and ankle position are not included on a single radiographic cassette. However, it is a widespread technique used in several recent studies. 1 , 4 , 21 , 25 Although current standards in patient evaluation with radiographs can permit quantifi cation of the plumbline offset, position of the lower extremities and feet remains elusive.
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Surgical technique was not included in our analysis because we did not feel that our study sample afforded us the power to analyze the various types of treatment and their infl uence on outcomes. Preoperative radiographic values and their modifi cations through surgery were not included in this study because the purpose of our study was not to evaluate the clinical improvement reached through surgery.
Nevertheless, we had a homogeneous group regarding diagnosis (idiopathic or degenerative frontal deformity) with a long-enough follow-up. We were able to update radiographic and clinical studies for the sake of achieving an exhaustive correlation analysis. Relationships between pelvic parameters and spinopelvic alignment with HRQOL measurements in an adult population operated on for scoliosis have not yet been accurately evaluated until now. We also carried out a multivariate analysis that permits an insightful analysis of the results obtained. The clinical interpretation of those mathematical results strengthens the fact that when we are facing a tridimensional deformity in a middle-aged population, just achieving a correct sagittal alignment through surgical management will not ensure good clinical results. We must try to gain a deeper knowledge of patients' motives for seeking surgery. Probably, some clinical aspects 17 may have as much or even more importance than the sagittal profi le in this group of patients.
CONCLUSION
After primary surgery for adult scoliosis, in the long run, frontal radiographic parameters do not correlate with HRQOL measures. Using univariate analysis, patient age, SVA, and PT
➢ Key Points
After primary surgery for adult scoliosis, in the long run, frontal radiographic parameters do not correlate with HRQOL measures. Using univariate analysis, patient age, SVA, and PT correlate with SRS22 and SF36 physical activity but with low correlation coeffi cients. After multivariate analysis, SVA was no longer a predictor of activity. PT and age resulted as predictors of activity.
